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ShoulderAbstract Purpose: To evaluate the role of MRN in diagnosis of suprascapular nerve injury and its
relation with muscle injury after shoulder trauma in comparison with the EMG results. Patient &
method: The study was carried on 30 patients following trauma to the shoulder, either direct trauma
(80%) or indirect trauma in 20% presented clinically with shoulder pain and limited movements and
referred for MRI examination. The MRI results were correlated with EMG results for all cases.
Results: Those 30 cases were divided into 13 cases with acute onset, 10 cases with subacute onset
and 7 cases with chronic onset. In acute injuries, 5 cases (5/30) showed combined nerve and muscle
injuries, 4 cases (4/30) showed nerve injury only and 5 cases (5/30) showed muscle injury only. In sub-
acute injuries 5 cases (5/30) showed combined muscle and nerve injuries and 5 cases (5/30) showed
muscle injury only, in chronic 7 cases (7/30) showed combined nerve and muscle injuries, where
EMG showed sharpwaves only in 7 cases which are all chronic.Conclusion:MRN is the bestmodality
in diagnosis of nerve injuries and associatedmuscle injuries in one sittingwith no obvious difficulties in
the examination. MRN associating with the routine MRI elevated the sensitivity of diagnosis.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Nerve injuries of the shoulder are an unusual cause of shoulder
pain and they result from a variety of causes including trauma
(1). Traditionally, the diagnosis of muscle denervation was
based on clinical findings, electromyography, and nerve con-
duction studies. However, electro-physiologic studies do not
determine exactly the site of muscle denervation (2).
930 O.A. Hassanien et al.Magnetic resonance (MR) imaging has an important role in
detection and characterization of pathologic conditions of
skeletal muscles that cause changes in muscle signal intensity.
There are many conditions that may affect muscle signal
intensity, such as inflammation, traumatic and neurologic
conditions (3).
Although the MR imaging findings of many conditions are
similar, some distinct patterns of signal intensity abnormality
may be recognized. The recognition of MR imaging
patterns can allow one to narrow the differential diagnostic
possibilities (4).
MRI has an important role because it can identify the exact
site of injury depending on the muscle groups involved,
provides information about the duration of denervation, and
depicts the cause (2).
Additional clues to the diagnosis may also be present on the
MR images and techniques thus allowing the differential diag-
nosis to be further narrowed. These clues may be appreciated
in new imaging modality, Magnetic Resonance Neurography
(MRN), which is an ever-advancing technology for multipla-
nar depiction of normal and abnormal peripheral nerves (5).
So, Magnetic resonance imaging (MRI), as non-invasive
technique, provides valuable spatial information in making
important diagnostic distinctions that cannot be readily
accomplished by using other existing methods and allow direct
anatomic visualization of a nerve, identification of the cause,
and location of primary abnormalities while MRN, on other
hand, has the ability to demonstrate intrinsic signal abnormal-
ities within the nerve itself (6–8).
Here we are concerned about the suprascapular nerve
injury and its effect upon the supraspinatus and infraspinatus
muscles. The suprascapular nerve is a mixed motor and
sensory peripheral nerve that arises from the upper trunk of
the brachial plexus. It originates from the roots of C5 and
C6 with variable contribution from C4, at the Erb’s point.
The nerve passes across the posterior triangle of the neck deep
to trapezius muscle. It then runs along the superior border of
the scapula to enter the supraspinous fossa inferior to the
superior transverse scapular ligament. Finally the nerve curves
around the lateral border of the spine of the scapula reach to
the infraspinous fossa. It gives motor supply to both supra
and infraspinatus muscles (9,10).
In this study we will highlight various pulse sequences for
selective nerve visualization as well as their functional
evaluation. We aimed at studying the different patterns of
muscle denervation in addition to their relation to the shape
and SI of the related nerves. Finally correlation between
the signal changes in different types of nerve injuries and the
findings of the nerve conduction study as well as the patient’s
clinical history will also be discussed.
2. Patient and methods
2.1. Patients
30 patients complaining of shoulder pain and 10 healthy
volunteers as control group were enrolled in this study. Those
patients were referred to Radio-diagnosis & Medical Imaging
department from clinics of orthopedic and physical medicinedepartments for MRI evaluation and assessment. The study
was performed at the period from September 2014 to
September 2015. Approval of Research Ethics Committee
(REC) of Tanta University and informed written consent were
obtained from all participants in the study after full explana-
tion of the benefits and risks of the procedure. Privacy and
confidentiality of all patient data were guaranteed. All data
provision was monitored and used for scientific purpose only.
The inclusion criteria included patients with shoulder
trauma and sport injuries who developed shoulder pain, they
are clinically fit to participate in the study and they have no
contraindication to MRI. Exclusion criteria included Patients
with congenital lesions, systemic disease as rheumatoid arthri-
tis, history of previous steroid injection in the diseased shoul-
der, impingement syndrome or chronic inflammatory arthritis.
2.2. Methods
All patients of our study were subjected to the following:
I – Full history taking.
II – Clinical examination: Including general examination
and local shoulder examination. The local shoulder exami-
nations were done by single independent orthopedic sur-
geon and rheumatologist.
Shoulder pain was quantified with the Brief Pain Inventory
– Questions 12 (BPI 12), which asks patients to rate their
shoulder pain in the last 7-days on an 11-point numeric
ration scale of 0–10, where ‘‘0” indicates ‘‘no pain” and
‘‘10” indicates ‘‘pain as worse as the patient can tolerate”.
Patients were classified according to the orthopedic exami-
nation and time of injury into the following:
 Acute injury (13 patients): Localized swelling at the back of
the shoulder mainly at the supraspinatus area, hematoma at
the back at scapular region gravitating downward associ-
ated with subcutaneous hematoma. Tenderness at the back
of scapula in both supra and infraspinatus areas. Limitation
of the shoulder movement mainly in abduction in both
active and passive movements.
 Subacute injury (10 patients):Minimal subcutaneous hema-
toma and tenderness, no swelling. Movement is painful at
the last degree of abduction.
 Chronic (7 patients): No signs except for tenderness and
positive tinel sign: percussion at the site of nerve causes
paresthesia. Movements: active movement only is painful
and limited with restricted abduction.
2.3. Time of examination following trauma
Acute injury: Examination within the first 1–2 weeks of
injury.
Subacute injury: Within 3–4 weeks following trauma.
Chronic injury: More than 4 weeks following trauma.
MRI then was done followed by EMG study of the affected
shoulder.
Table 1 Showing the demographic data of all patients (30
cases).
Mean age 30.95
Gender
Male 20
Female 10
Type of injury
Direct trauma 22
Indirect trauma 8
Aﬀected muscles
Reliable MRI and MRN signs of injury 931III – MRI examination
 MRI studies were obtained using a closed MRI machine
1.5-T MRI system (Signa; GE Medical Systems,
Milwaukee, USA) equipped with surface array-
shoulder coil. Patients were supine with the examined
shoulder horizontal on the MRI table and the arm by
their side in a neutral position.
The MRI scanning protocol included the following:
A. Global examination of the injured shoulder using:
Supraspinatus 19
Infraspinatus 7
– Oblique coronal, oblique sagittal, and axial
fat-suppressed proton density-weighted sequences
(TR/TE, 1500/25; field of view, 120 mm; 4-mm-
thick slices with 0.4-mm gap and 320  512 matrix;
4 excitations); Oblique coronal T2-weighted fast
spin-echo sequences (1800/100) C- Oblique coronal
and axial T1-weighted fast spin-echo sequence
(400/20); field of view 100 mm; 4 mm-thick slices with
0.4-mm intersection gap and 354  512 matrix; 4
excitations.B. Examination of the muscles and its signal abnormality
using:
– Coronal PDFS (TR /TE, 275/55; field of view 18;
slice thickness 3.5; spacing 1) and oblique coronal
STIR (TR/TE 4500/50; inv time 150, field of view
18; slice thickness 3.5; spacing 1).C. Examination MRN using 3D Coronal FIESTA:– Gradient echo; flip angle 65 slice thickness 2.The total scanning time was lasted from 20 to 25 min.
All MRI images were reviewed for any abnormalities based
on standard radiological criteria already established in the
literature.
Then, EMG study was carried out for all patients in
another sitting with the rheumatologist unaware of the results
of the MRI. The EMG was done by using the needle to detect
the SSN injury by inserting the needle in supraspinatus and
infraspinatus muscles.
IV. Image analysis:
The findings obtained for each patient were analyzed and
compared with the EMG results which is considered the gold
standard for comparison.
3. Results
This prospective study included 30 patients (20 male and 10
females), with age ranged from 20 to 48 years and mean age
30.95 years. Other 10 normal individuals were included in the
study as control group. Table 1 Represents the demographic
data of the patients.
The findings were divided into nerve findings (suprascapu-
lar nerve) and muscle findings as shown in Table 2.
N.B. More than one MR. finding was detected in the same
patient (Overlapping).3.1. MRN of the suprascapular nerves
 Acute cases examination (13 cases) revealed the following:
Diffuse enlargement of the suprascapular nerve seen in 8
cases, altered SI of the nerve which is heterogeneous in both
T2 and STIR images was seen in 1 case, also displacement
and compression of the nerve were noted in 1 case.
 Sub-acute cases examination (10 cases) revealed the
following:
Diffuse enlargement of the suprascapular nerve in 3 cases,
focal enlargement of the nerve in 2 cases and displacement
of the nerve in 1 case.
 Chronic cases examination (7 cases) revealed the following:
Complete interruption of nerve in 2 cases, altered SI and
enlargement in 5 cases and fibrosis in 2 cases.
3.2. MRI changes of the muscles
The affected muscles were supraspinatus (19 cases) and com-
bined supra and infraspinatus muscles in 7 cases. The MR
changes of the injured muscles included high SI in fluid sensi-
tive sequences (T2 and STIR images) in 12 cases, high T1 SI of
fat infiltration in 9 cases and atrophy with decreased bulk of
the muscles in 3 cases.
3.3. Types of trauma
Among the examined 30 patients, 22 cases were direct trauma
to the shoulder and 8 cases were athletes with overhead
throwing injury.
No abnormal changes were found in the muscles and nerves
of the 10 normal controls, indicating a good reliability of the
measurements.
3.4. EMG results
Among the examined cases (7 cases) with chronic trauma and
atrophic changes of the muscle together with nerve thickening,
+ve sharp waves and fibrillation were noted confirming
chronic nerve injury (23 cases) with acute and subacute
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932 O.A. Hassanien et al.trauma, and EMG has no diagnostic value due to synaptic
delay.
The clinical and radiological findings of all the 30 patients
are included in Table 2.
4. Discussion
Shoulder pain is a frequent complaint and may develop from a
variety of factors. The exact cause of pain in the shoulder is
often difficult to identify; thus, there has been an ongoing
search for more accurate non-invasive methods. For the eval-
uation of the muscle injury and its related nerve, both MRI
and EMG are regularly used in clinical practice (2).
Suprascapular nerve injury most commonly occurs in the
confined space of the suprascapular notch or spinoglenoid
notch. At the level of the suprascapular notch, the suprascapu-
lar nerve contains motor and sensory branches to both the
supraspinatus and infraspinatus muscles. The injury at this
level may result in denervation changes of both muscles. If
nerve injury occurs more distally along the course of the
suprascapular nerve, innervation of the infraspinatus muscle
only is affected (11).
Sir Sydney Sunderland (12) described five degrees of
peripheral nerve injury (I–V) degrees according to the severity
of the nerve injury. The first three degrees are treated medi-
cally, while from IV to V and newly developed grade VI are
treated surgically.
According to the Sir Sydney Sunderland (12), grade I nerve
injury shows nerve injury not associated with muscle injury
which is present in 3 cases with acute injury where at this stage,
the rate of recovery is full in up to 12 weeks. Grade II injury,
showing high SI in T2 of the nerve associated with muscle
edema is seen in 1 case of acute injury and 5 cases with suba-
cute injury also show full recovery (see Figs. 1 and 4).
In stage III, the nerve shows altered SI with change in
diameter associated with altered SI of the muscles seen in
our study in 1 case of acute injury as seen in Fig. 2(A–D) (4
subacute injuries) seen in Fig. 3(A–C). This stage showed
delayed or incomplete recovery. Grades IV and V show altered
signal intensity of the nerve with enlargement or disruption
with signs of denervation of the muscle as seen in our study
in 7 cases of chronic nerve injury, and the rate of recovery here
ranges from poor to no recovery.
In stage VI, multiple nerve and muscle findings which can-
not be graded are seen in our study in 1 case of subacute nerve
injury with variable rate of recovery depending on the degree
of nerve injury.
The injury may not follow the typical model. The nerve
injury may involve various lengths of the nerve, and the degree
of injury may vary along the length of a particular nerve or
along its cross section (13). Treatment ultimately is dictated
by the worst degree of injury in a functionally important nerve
and its recovery potential. From electrophysiology perspective,
absence of electrical response does not always mean that the
nerve is severed, and the electrical response may be normal
up to a week, even if the nerve is completely severed (14,15).
So, before gross inspection by opening the nerve surgically,
one should be equipped with better means to detect and grade
these injuries in a timely and non-invasive fashion. Therefore,
there is a significant lack of diagnostic capabilities after the
onset of peripheral neuropathies (14).
(a) (b)
(c) (d)
Fig. 1 (A–D) Normal MR appearance and signal intensity of both supraspinatus and infraspinatus muscles with normal suprascapular
nerve (control group). (A): Coronal 3D FIESTA of the LT. Shoulder at the superior border of the scapula showing normal belly of the
supraspinatus muscle (red arrow) and insertion of its tendon at the greater tuberosity of the humerus (yellow arrow). (B): Coronal 3D
FIESTA of the LT. Shoulder at infraspinous fossa of the scapula showing normal belly of the infraspinatus muscle (red arrow) and
insertion of its tendon at the greater tuberosity of the humerus (yellow arrow). (C): Coronal 3D FIESTA of the LT. Shoulder at the
superior border of the scapula at the suprascapular fossa showing normal appearance of the suprascapular nerve and the adjacent
suprascapular vessels (yellow arrow). (D): Coronal 3D FIESTA of the LT. Shoulder at spino-glenoid fossa showing normal girth and
signal intensity of the suprascapular nerve (yellow arrow).
(a) (b)
(c) (d)
Fig. 2 (A–D) Acute injury of the RT. Shoulder with muscle edema of the supraspinatus and infraspinatus muscles and normal
suprascapular nerve. 45 ys old female with history of fall on the RT. Shoulder since 7 days followed by pain and inability to raise the
shoulder. (A): Coronal STIR of the RT. Shoulder region revealed: Patch of high SI within the supraspinatus muscle matching with muscle
edema (red arrow), together with partial torn of the tendon (yellow arrow). Bone contusion at neck of the humerus is seen. (B): Coronal
STIR of the RT. Shoulder region at the infraspinous fossa showed high SI within the infraspinatus muscle matching with muscle edema
(yellow arrow). (C & D): Coronal 3D FIESTA of the RT. Shoulder with the suprascapular nerve at the superior border of the scapula at
the supraspinous fossa (C) and at the spinoglenoid notch (D) (red arrows) showing normal girth and signal intensity of the nerve.
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(a)
(b)
(c)
Fig. 3 (A–C): Subacute Injury of the suprascapular nerve with
partial tear of the supraspinatus tendon. A young male patient
aged 22 ys. with history of direct trauma to the LT. Shoulder since
25 days followed by shoulder pain and restricted movements of the
shoulder. (A & B) showed: Coronal 3D FIESTA of the LT.
Shoulder at the superior border of the scapula at the supraspinous
fossa showing mild focal increase girth of the suprascapular nerve
(white arrow). Hill Sack’s fracture of the humeral head is seen (red
arrow). (C) showed: Coronal STIR of the LT. Shoulder showing
normal girth and signal intensity of the supraspinatus muscle
apart from small focal area of high signal intensity near the
insertion of the tendon (thick arrow) denoting partial tear of the
tendon. Hill Sack’s fracture with surrounding marrow edema is
seen (red arrow).
934 O.A. Hassanien et al.On current 1.5T scanners (GE machine), 2D (dimensional)
imaging can be performed with near-similar resolution as on
3T scanners; however, 3D imaging is often limited, especially
if smaller voxels are used or fat suppression is applied. On
the other hand, if there is metal in the field-of-view, in order
to mitigate susceptibility artifacts and for superior nerve visu-
alization, 1.5T imaging is often favored. 2D pulse sequences
include high resolution (base resolution 256 or higher, in plane
resolution 0.3–0.4 mm) T1-weighted and fat suppressed T2w
images (16).
Suprascapular neuropathy is difficult and challenging diag-
nosis for clinicians because of symptoms overlapping with a
number of other regional conditions. High resolution MRN
is a useful diagnostic tool for accurate evaluation and charac-
terization of direct and indirect signs of suprascapular neu-
ropathy (17).
MRN could very well fill this gap as it allows fine, detailed
evaluation of peripheral nerve anatomy and pathology due to
its excellent soft tissue contrast and high spatial resolution.
The imaging shows the normal nerve anatomy, internal archi-
tecture, course, caliber, and regional muscles. Imaging per-
formed at high field 1.5T has been shown to correlate well
with clinical, electrophysiology, and surgical findings (18–20).
A normal peripheral nerve shows isointense to minimally
hyperintense homogeneous T2 signal intensity. Also, the nor-
mal nerve shape includes uniform fascicular bubbly appear-
ance, minimal fat within the epineurium, pencil-thin
hypointense epineurium, and relatively invisible perineurium.
The size of a nerve is similar to that of the adjacent arteries
with gradual decrease in caliber distally and minimal smooth
variations around the joints, and finally, clear halo of perineu-
ral fatty tissue. We should consider that the nerve could have
mild hyperintensity on intermediate-weighted and T2-weighted
(T2W) images due to magic angle artifact (21).
A pathologic nerve shows hyperintensity approaching the
adjacent vessel SI or asymmetric to contra-lateral side, high
nerve to muscle SI ratios, and longer extent of signal abnor-
mality. The abnormal nerve may also show one or more of
the following findings: abnormally increased SI, heterogeneous
SI, focal or diffuse nerve enlargement, enlargement and efface-
ment due to different degrees of edema, and fascicular disrup-
tion with intraneural and/or perineural fibrosis (22,23).
Denervation changes of muscle can have several MRI
appearances. In the subacute phase the affected muscle demon-
strates increased T2-signal resulting from muscle edema. In the
chronic stages, fatty infiltration usually accompanied by mus-
cle atrophy represents irreversible muscle injury (24).
Our study includes 30 patients complaining of shoulder
pain and 10 healthy volunteers as control group, and the cause
of nerve injury in our series includes the direct trauma and
repetitive activities which led to overuse of the upper limb in
the athletic ones.
In the current study 12 cases showed decreased bulk and
fatty infiltration of the supra and infra spinatus muscles and
the supraspinatus was more affected than the infraspinatus.
Unlike the study of Po¨yhia¨ et al. in 2005 (25) that diffuse atro-
phy of the supra & infra spinatus muscles with more affection
of the infraspinatus muscle (62% and 70%) respectively, since
the infraspinatus muscle is innervated by a higher nerve branch
of the brachial plexus since denervation generally causes severe
atrophy of the infraspinatus muscle and not the supraspinatus
muscle, as found in this study.
(a)
(b)
(c)
(d)
Fig. 4 (A–D): CH. Injury of the suprascapular nerve with atrophy of the supraspinatus and infraspinatus muscles. A male patient aged
30 ys. with history of old direct trauma to the LT. Shoulder since 5 months and recent complaint of inability to raise the shoulder. (A & B):
Coronal 3D FIESTA of the LT. Shoulder region at the superior border of the scapula (A) and at the supraspinous fossa (B) showed:
Increased girth of the suprascapular nerve with its increased signal intensity (red arrow). The suprascapular vessels are seen adjacent to the
nerve. Fatty atrophy of the Supraspinatus muscle is seen with near total loss of the muscle fibers (yellow arrow). (C): Coronal 3D FIESTA
of the LT. Shoulder region at the spino-glenoid fossa showed: Increased girth of the suprascapular nerve with its increased signal intensity
(red arrow). Fatty atrophy of the supraspinatus muscle with near total loss of the muscle fibers (yellow arrow). (D): Coronal 3D FIESTA
of the LT. Shoulder region at the infraspinous fossa showed: Fatty atrophy of the infraspinatus muscle with partial loss of its muscle fibers
and decreased muscle bulk (yellow arrow). Normal MR appearance of the teres minor muscle (red arrow).
Reliable MRI and MRN signs of injury 935Nearly the same results as ours were noted with Vitringa
et al. in 2009 (26) that reported more affection of the
supraspinatus muscle.
However by the EMG, only seven cases with chronic
trauma show changes of the muscle with no diagnostic value
in the remaining cases.
McDonald and colleagues directly compared the findings of
MRI and needle EMG with peripheral nerve injury (27). The
results of the two methods matched anatomically in 54%, i.e.
the specific muscles showing abnormal spontaneous EMG
activity correlated directly with the increased STIR signal on
MRI. Collin et al. (28) in an evaluation of 49 shoulders with
retracted tears of the supraspinatus and infraspinatus found
only one patient with associated suprascapular neuropathy
on electromyography. Similarly, Shi et al. (29) reported that
although suprascapular neuropathy positively correlated with
supraspinatus and infraspinatus tendon abnormality, a signifi-
cant number of shoulders with complete tears with retraction of
the supraspinatus and infraspinatus did not show any evidence
of suprascapular neuropathy on electromyography.
Moreover, the STIR intensity tended to increase with the
higher degree of spontaneous activity as measured with
EMG (27). It should be noted that, in 16 patients (18%),
abnormal spontaneous EMG activity was present in the mus-
cles that did not show increased STIR. These results indicate
that the STIR has lower sensitivity than needle EMG.
Bendszus and colleagues conducted a similar study with
Gd-enhanced MRI in patients with a foot drop caused by L5
radiculopathy, common peroneal nerve palsy and sciatic nerve
palsy. They found that Gd enhancement was more prominentin the muscles with EMG signs of denervation compared to
those without denervation signs (30). To summarize, the STIR
and Gd-enhanced MRI have good sensitivity for detecting
denervated muscles, if not better than needle EM (29). In
our study, no contrast was given to the patients under
examination.
5. Conclusion
MRN can determine the morphologic cause and precise loca-
tion and duration of nerve injury and muscle denervation,
and it also helps make decisions for surgical planning. We rec-
ommend addition of MRN as routine sequence in MRI of
traumatic shoulder examination and to be considered the gold
standard examination.
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